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THE EFFECT OF A CONDITIONED ESTABLISHING OPERATIONS
PROCEDURE ON RATS RESPONDING ON A V I30 SECOND
SCHEDULE FOR SWEETENED CONDENSED MILK
Daniel James Knip, M. A.
Western Michigan University, 1991
Previous research on conditioned hunger paired food deprivation with a neutral
stimulus. Amount of food eaten was typically the usual dependent variable, and the
stimulus was visual, auditory or gustatory. The present study used rate of response
as dependent variable, and paired an olfactory stimulus with food deprivation.
An experimental and control group each contained eight rats. Rate of bar press
ing for sweetened condensed milk was the dependent measure. The experimental
animals were then exposed to a vanilla scent during a period of extreme food depriva
tion. They were next allowed to bar press for liquid food under one hour of food
deprivation. Then, the vanilla scent was introduced to determine if elevated response
rates would occur as a result of the scent having been paired with the extreme
deprivation condition. Data from the experimental group were compared to those of
the control group after a similar period of deprivation.
Results revealed no differential effects between groups. There were no detectable
differences between the control and experimental groups with respect to the pre-train
ing and post-training response rates.
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CHAPTER I
INTRODUCTION
For half a century behavioral scientists have studied how certain motivational
events, operations, or stimulus conditions could be paired with other environmental
events with the result that these other events then function effectively as learned
motivative variables. When a neutral stimulus, a warning stimulus, is systematically
related to (paired with) a painful stimulus in a traditional avoidance procedure, there is
no question that the warning stimulus becomes capable of evoking the behavior that has
in the past terminated the neutral stimulus, and avoided the painful stimulus (Mazur,
1990, pp. 145-154). This phenomenon has been described in terms of the warning
stimulus eliciting the learned aversive drive called fear, which then motivates the
avoidance behavior.

Whether reference to a learned drive is the best way to

conceptualize the avoidance phenomenon or not, a good deal of effort has gone into
trying to obtain evidence for an analogous appetitive drive based on food deprivation or
water deprivation, and although there are some positive results, they are outnumbered
by failures to obtain such evidence.
It is possible that such an effect can not be demonstrated because it does not exist.
As Mineka points out (1975, pp. 146) there is obvious survival value of an organism’s
reacting to warning stimuli with avoidance behavior, but the survival value of a learned
appetitive process is not clear. To function as though food deprivation is in effect (to
eat more than is appropriate to the actual deprivation level or to engage in food
reinforced behavior when food would not be very reinforcing) simply because the
present stimulus conditions were previously paired with food deprivation would seem

1
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to cause more harm than good. But even though hypothesized survival value and the
empirical evidence for learned appetitive drives are unclear, it may still be appropriate to
attempt some methodological improvements and try again;
Previous Research
The Original Studies .
In the early 1950s the first demonstration that responding could be evoked by what
was called conditioned hunger was reported by Calvin, Bicknell, and Sperling (1953).
Subjects were placed in a distinctively striped box for 30 minutes a day for 24 days.
During training one group was placed in this condition while food deprived for 22
hours, the other group while food deprived for only one hour. After this training both
groups were allowed to eat in the striped box following 11.5 hours of food deprivation,
and the rats with the history of 22 hour deprivation ate significantly more than the
control group. The authors stated that these results support the establishment o f a
conditioned drive based on the unconditioned hunger drive.
There were several attempts to replicate these results using very similar procedures
during the next six years. Seigel and MacDonnell (1954) obtained negative results;
Wright (1965) was successful; Wike, Cour, and Mellgren (1967) tried to replicate
Wright with three experiments, and succeeded once but failed twice. Another study in
which food deprived rats were given dry food to condition thirst also failed to produce
positive results (Novin & Miller, 1962). This suggests that the positive results of
Calvin et al. (1953) may have been due to some idiosyncrasy peculiar to the original
procedure. It may also be that the effect is not a strong one, but might still be
demonstrated under more favorable conditions.

Before considering recent

developments regarding a more appropriate sensory modality for the neutral stimulus,
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and a possibly more sensitive dependent measure, it will be useful to provide an
analysis of the general problem in terms of Michael’s (1982,1988,1990) concept of
the conditioned establishing operation.
A More Recent Conceptual Analysis
The learning theorists who developed the appetitive drive literature gave an account
of the; phenomenon in terms of classical conditioning.

Hunger is viewed as the

unconditioned drive, which functions as an unconditioned stimulus for the relevant
behavior-eating. The neutral stimulus paired with hunger then becomes a conditioned
elicitor of a learned drive, which can also elicit eating (Mineka, 1975; Schachter, 1967).
As would be expected in these largely Hullian (Hull, 1943) approaches to motivation,
the distinction between operant and respondent functional relations was largely ignored.
The dependent variables in the learned aversive and learned appetitive drive studies
have been (a) door opening, (b) running from chamber to chamber, (c) bar pressing,
and (d) volume of food eaten (Myers & Miller, 1954; Seigel & MacDonnell, 1954).
These are the kinds of behavior that are currently considered primarily under the control
by operant functional relations. None of these earlier studies has actually measured
saliva secreted, stomach contractions or other obviously respondent dependent
variables.
More recent behavioral models of motivation have noted that the momentary
effectiveness of the stimulus-response-consequence contingency is usually dependent
upon an additional class of environmental variables.

This additional class of

motivational variables has had several terms provided in the behavioral literature: setting
events (Bijou & Baer, 1961), potentiating variables (Goldiamond, 1983), setting
factors (Kantor, 1959), and establishing operations (Michael, 1982, 1988, 1990).
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Because the concept of the establishing operation is more precisely defined and more
limited in its effects on behavior, (Leigland, 1987), this will be basis for the present
conceptualization of learned motivation.
Michael (1982) defined an establishing operation (EO) as:
an environmental event, operation, or stimulus condition which affects
an organism by momentarily altering (a) the reinforcing effectiveness
of other stimuli and (b) the strength of that part of the organism’s
repertoire that has been reinforced by those other events, (p. 151)
Unconditioned or unlearned establishing operations (UEOs) are those for which
both effects listed above are unlearned. Learned or conditioned establishing operations
(CEOs) are originally neutral events with respect to motivation, but acquire the two
defining qualities above as the result of some kind of interaction with other establishing
operations and reinforcers during the lifetime of the particular organism. Michael
suggests several kinds of relations with other EOs that result in possible CEOs, one of
which is the simple pairing that has characterized the studies of learned appetitive drives
described earlier. In these terms, food deprivation as a UEO establishes food as an
effective form of reinforcement, and evokes any behavior that has been reinforced with
food. Any stimulus present when food deprivation has been in effect may then become
capable of increasing the effectiveness of food as a form of reinforcement, and evoking
behavior that has been previously reinforced with food (for example, eating, bar
pressing, etc.). Although the procedure which results in the neutral stimulus becoming
a CEO is its being paired with a UEO, a procedure much like that of respondent
conditioning, the resulting behavioral effects are with respect to operant functional
relations. While there may well be respondent effects of the conditioned hunger
procedure, the effects due to the conditioned eliciting (respondent) properties of the
stimulus complex are not directly germane to the topic of learned motivation.
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The point of changing vocabulary from the more hypothetical or internal terms,
such as drive, to terms that refer either to environmental events or to behavior itself was
made by Skinner (1953):
The simplicity of the concept of drive is only apparent....We cannot
control the behavior of an organism by directly changing its hunger, its
thirst, or its sex drive. In order to change these states indirectly, we
must deal with the relevant variables of deprivation and satiation and
must face all the complexity of these operations, (p. 144)
f

Sense Modality
As pointed out by Mineka (1975), the type of receptors that the CEO stimulus
affects may be an important consideration unrealized by the earlier researchers. Garcia
and Koelling (1966) demonstrated with the taste aversion phenomenon that gustatory
stimuli can easily become aversive by being paired with nausea, but it is more difficult
if not impossible to make visual and auditory stimuli aversive in this manner, although
these modalities can become aversive by being paired with shock pain. A review of the
"conditioned appetitive drive" literature by Cravens and Renner (1970) looked at all
experiments using procedures with visual or auditory stimuli correlated with hunger
and thirst. Seventy five percent of these studies had negative results. This implies that
the sensory modality used in the pairing may be more important than previously
thought.
Mineka (1975) stated that most of the neutral stimuli that lay persons would
identify as being paired in daily life with the condition of hunger or thirst are olfactory
and gustatory stimuli. She conducted a series of experiments that varied the modality
of the conditioned hunger stimulus and used a within-subject design. In the first, 20
rats had different visual cues (white or black boxes) paired with deprivation periods of
19 hours and 1 hour. They were then compared with respect to amount eaten at 3
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hours deprivation under each of the two different cue conditions, with half of the
subjects exposed to the high deprivation cue first, and the other half exposed to the cues
in the opposite order. Negative results were obtained. Using a similar experimental
design, she next paired gustatory stimuli (peppermint extract or lemon extract brushed
onto the rat’s tongue) with the 19 and 1 hour food deprivation condition, and obtained
positive results with the first such experiment, but then failed to replicate the results
with two subsequent very similar experiments.
The method of gustatory stimulus presentation in these experiments, holding the
animal and brushing its tongue with the taste solution, may have some aversive
features, or at least is potentially capable of evoking a variety of responses that are
irrelevant to the goals of the experiment It would be easier to permeate an experimental
chamber with olfactory stimuli, which might be almost as closely related phylogenically
to internal digestive processes as gustatory stimuli.

As of now, no learned drive

experiments have made use of an olfactory neutral stimulus.
A More Sensitive Dependent Measure

In the Calvin et al. (1953) study the index of conditioned hunger was the amount
of wet Purina™ Lab Chow the subjects consumed under different conditions. Rate of
eating, however, may not be a sensitive enough measure according to Davis and Keehn
(1959). Other researchers have stated that eating may be a poor index of conditioned
hunger because consummatory responses induce a temporary suppression of the
hunger drive, unless the subject is allowed to eat to complete satiation, and the studies
that made use of this dependent measure did not account for this (Konorski, 1967).
What then might be a more sensitive and reliable index of a conditioned hunger?
Trost and Homzie (1966), in a study using both within-subject and between-subject
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comparisons recorded both amount eaten and percent weight increase. The latter
dependent variable showed clear cut effects in the expected direction, but amount eaten
did not. The authors suggest that the discrepancy may result from the fact that in the
typical experimental chamber it is not easy to determine the amount of food wasted as
opposed to the amount eaten.
Mineka (1975) suggested that the most valid dependent measure of conditioned
hunger would be changes in rates of bar pressing on an operant extinction curve. She
cited Clark’s (1958) study which showed a systematic increase in rate of responding as
a function of increased deprivation. Mineka, as her final experiments in the series
described earlier, again used taste stimuli, but with bar pressing for food reinforcement
as the dependent variable. At first she used responding under both maintenance and
extinction conditions. When the latter seemed a more sensitive measure, she repeated
the experiment under the extinction condition.

The results of this last set of

experiments were suggestive only. Mineka concluded that the phenomenon may well
not exist, and encouraged further researchers in this area not to assume a close parallel
between aversive and appetitive drives.
The Present Research
Although the use of response rate as dependent variable did not result in obviously
positive results, this may be partially due to the method of application of the gustatory
stimuli. The present study will use rate of response, but with an olfactory stimulus,
and will use a between-subject comparison, which seems potentially less susceptible to
complications involving the necessity of using two different scents. A somewhat
longer period of food deprivation than was typical in earlier studies will also be used in
the present study, in an effort to increase the possible strength of the effect.
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CHAPTER n
METHOD
Subjects
The 16 female albino rats involved in this study had been previously used in an
introductory psychology laboratory course. In those laboratory exercises they had
acquired a bar pressing response for water reinforcement. They weighed between 300
and 620 grams, and were approximately 7 months old at the start of the study. They
were housed alone in cages, with water always available. Unfortunately, during the
time this experiment was taking place a respiratory disease began to spread in the
animal colony. An antibiotic solution was placed in all the animals’ water and animals
that appeared sick were not included in the study, but it is quite possible that some
animals that appeared well were infected. Of the 16 animals initially chosen for the
study, 13 survived until the variable interval 30 second training was completed and the
baseline measures taken. Two more died before the conclusion o f the study; the total
mortality was 5.
Apparatus
Four experimental chambers fitted with dipper feeders were used. Each chamber
had two levers and a house light. Only the right lever was operative, and each lever
required a force of 0.1 N to register a response. The reinforcer was access to a mixture
of 50% sweetened condensed milk and 50% water. Masking noise was provided by a
Grason-Stadler White Noise Generator (Model 901B) through a speaker mounted on

8
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the side wall of the sound-attenuating box, and ventilation was provided by an exhaust
fan. Data collection and experimental events were controlled by a PDP-8 minicomputer
(Digital Equipment Corporation, Minneapolis, Minnesota) with SUPERSKED software
(State Systems, Kalamazoo, Michigan) in combination with electromechanical
interfacing.
Procedure
Eight subjects were in the control group and 8 in the experimental group. Four
animals were studied at a time, 1 per chamber. At the beginning of the experiment it
was erroneously believed that the rats would respond at moderate to high rates for
sweetened condensed milk even if not food deprived, so they were run at their free
feeding weights until about 2 weeks before the final performances on the variable
interval 30 second (V I30 sec) schedule, at which time they were food deprived prior to
each session. The animals were first exposed to a concurrent continuous reinforcement
(CRF), variable time 10 second schedule. This schedule ran for 100 reinforcement
deliveries at a time. Program onset was signalled by a house light, which terminated at
the end of the session. This procedure took approximately 2 weeks.
The next program used was CRF alone, also for 100 reinforcer deliveries per daily
session. When the animals were responding effectively on CRF the program was
switched to V I 10 sec. Note that it took several months of daily running to develop
medium response rates in these rats.

One possible reason for this prolonged

preliminary training was the bar placement 12 centimeters above the floor of the
experimental chamber. Another was the failure to use food deprivation until late in the
training. Because of the slow progress of the subjects, the VI 10 sec schedule was
changed to a random ratio schedule with decreasing probability of reinforcement values

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

from 1.00 to approximately .05. The probability of reinforcement was decreased as a
function of a high rate of bar pressing in the previous session. The animals were kept
at ad lib weight until the last 2 weeks of the time they were being trained to perform on
the final VI 30 sec value, a factor which undoubtedly contributed to the 2 months
needed to reach a medium rate of responding (approximately 10-20 responses per
minute).

r
Baseline Observations
It was not known whether the odor of vanilla would have any other behavioral
function that might affect the rate of responding. It was postulated that it might either
suppress responding maintained by the presentation of milk, or possibly act as an
unconditioned elicitor and affect responding in another way. Either effect would
confound attempts to measure a small CEO evoked increase. Therefore, a baseline rate
of responding was taken from both the control rats and the experimental rats before any
pairing was begun. The 30 cc of vanilla was placed in the bottom of the experimental
chamber dropping pan and the rats allowed to bar press in the presence of the vanilla on
a V I30 sec schedule under 1 hour of food deprivation.
Pairing Vanilla Scent With Food Deprivation
The rats were run on a 4 day cycle of events. They were freely fed until the start
of the cycle. When the subjects were at 1 hour of food deprivation, they were placed in
the experimental chamber. A house light was illuminated at the start of the session, and
the rats allowed to bar press for sweetened condensed milk for 15 minutes. The
subjects were then placed back in their home cages and deprived of food for another 48
hours. The animals in the experimental group were then placed in another room in
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cages with small dishes of vanilla extract set underneath them. After 30 minutes of
exposure to the scent of vanilla the subjects were taken back to their home cages for
another 30 minutes. They were then given access to food and allowed to eat to satiation
for the next 48 hours. This procedure was repeated 6 times. The CEO evocative effect
was measured by placing both the control and the experimental subjects in the
experimental chamber and running them for 15 minutes on the V I30 sec schedule of
milk delivery, at 1 hour of food deprivation while exposed to the scent of vanilla. The
baseline response rates at 1 hour of food deprivation with the vanilla absent listed in
Table 1 (Chapter m , page 12) occurred 4 days or one cycle before the response rates
gathered with vanilla present. The same order of events occurred with the results of
Table 2 (Chapter m , page 14); namely the data was collected sequentially, 4 days apart
with the olfactory stimuli first absent, and then present on the next cycle of deprivation.
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CHAPTER HI
RESULTS
Baseline Data
Table 1 shows the response rates at one hour food deprivation on VI-30 sec of
sweetened condensed milk, with and without vanilla scent, and before the six pairings.
These data bear on the possibility that the odor of vanilla might alter lever pressing for
the sweetened condensed milk even prior to being paired with high food deprivation.
Table 1
Baseline Response Rates at One Hour of Food Deprivation With and Without the
Vanilla Scent Present
Group

Subject#.

Vanilla Absent

Vanilla Present

control

1

4.2

5.7

control

2

9.6

9.9

control

2.6

12.2

control

3
4

3.8

8.4

control

5

15.9

30.0

control

6

1.9

control

7

3.3
43.4

34.3

experimental

8

experimental

9

6.7
11.4

7.1
14.4

experimental

10

15.3

14.3

experimental

11

9.6

15.8

experimental

12

17.6

6.4

experimental

12
average

11

11.0
13.2

11.6
12
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‘A r-test was calculated for the differences between the average baseline responding
of all the subjects at 3 hours of food deprivation, and the average of all the subjects at 3
hours of food deprivation plus the odor of vanilla. These data are shown for the 13 rats
that had survived until this point in the study. At the .05 level, the results were not
significant. Note that 3 animals of the original 16 had died of respiratory infection by
this point in the experiment.
Results of Pairing
Table 2 shows the response rates for both the control and the experimental groups
responding on a VI-30 second schedule of sweetened condensed milk in the presence
of the scent of vanilla extract before and after the pairing training for the experimental
group.
During the post-test after the vanilla pairing, the mean response rate of the
experimental animals was 8.4 responses per minute, a value 3.5 responses per minute
higher than that of the same animals' response rates during the vanilla-absent condition.
The control rats also showed an increased rate of responding during this trial—
approximately 3.6 responses per minute higher than their rate under the vanilla-absent
condition. It is quite clear that the vanilla pairing with a deprivation condition for the
experimental animals had no effect, since the control group showed an increase of
almost exactly the same value. It graphically appears that both the experimental and the
control groups had higher rates of responding during the post test, but there is no
obvious reason for this difference.
It should be noted that by this time 2 more subjects had died of respiratory
infection. This illness which was widespread in the animal colony at this time is
probably responsible for some of the extreme variability shown in response rate
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Table 2
Response Rates at One Hour of Food Deprivation With and Without the Vanilla Scent
Present After Six Pairings for the Experimental Group

Group

Subject#

Vanilla Absent

Vanilla Present

control

1

4.5

9.1

control

2

2.7

12.0

control

3

7.8

10.9

control

4

17.8

18.8

control
control

5

4.0
13.0

8.7

<2
average

8.3

1L2
11.9

experimental

8

1.0

8.0

experimental

9

12.0

10.8

experimental

10
12

2.0

3.5

4.5

10.9

4J£

M
8.4

experimental
experimental

12
average

4.9

values from subject to subject, and between a particular subject’s two values. The
illness, undetected for some of the subjects until after the experiment was concluded,
may well have decreased the effectiveness of the deprivation condition for those
subjects.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

CHAPTER IV
DISCUSSION
This experiment used a between-group design to examine the possible effects of a
conditioned hunger stimulus, or CEO, superimposed on ongoing behavior. In looking
for the probably small CEO effect, it seemed reasonable to obtain a steady state baseline
o f responding so that the extraneous variability did not mask any effect due to
introduction of the vanilla. In so doing it took an unpredictably long time, about 4
months, for the rats’ bar pressing to reach an acceptable rate, about 12 bar presses per
minute.
The animals used in the study were previously used in an introductory psychology
course, and were mature adults before the experiment ended. The bar press training for
sweetened condensed milk was conducted with the subjects at ad lib weight for the first
8 weeks. This probably accounts for most of the slow development of the bar pressing
performance. Further complicating the experiment was a respiratory infection that
killed 5 of the animals before the completion of the study.
Compared to the earlier studies, these subjects were at a higher level of food
deprivation during the times of vanilla pairing. Olfactory stimulation was used instead
of gustatory or visual stimulation. The dependent measure employed was a change in
responding while on a VI schedule instead of the volume of food consumed as in
previous studies. Assuming the existence of this particular type of CEO, all of these
factors should have resulted in a clearer demonstration than was obtained in earlier
research on learned appetitive drives. The results, however, were negative. The
between-subject variation in rates within the two groups was unreasonably large. Even
15
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if a difference between the pairing and control condition had developed it would have
had to be quite large to appear significant.
Further Research Implications
This experiment could well be repeated with several simple improvements, such as
the early use of food deprivation, younger rats, and no respiratory infection. The
present results have very little implication for the conceptual analysis that led to the
experimental procedure. However, it is possible that another study would have failed
to find a difference even if the various difficulties mentioned above were corrected. It
is possible that this type of procedure can not easily demonstrate CEO effects because
of the inadequate pairing relation that occurs when the EO builds up gradually. As in
respondent conditioning, the most effective form of pairing would presumably consist
of the t\yo things being paired occurring in combination, but never alone. The neutral
stimulus of this experiment (the vanilla scent) did not occur without the deprivation
condition, which would have been analogous to respondent extinction. But the
deprivation did occur for a long period without the presence of the neutral stimulus.
The vanilla scent was present only during the last 30 minutes of a 48 hour deprivation
period. This means that the animals were under quite severe food deprivation for at
least several hours with no vanilla scent. This period is analogous to presenting the
unconditioned stimulus without the conditioned stimulus in respondent conditioning, a
procedure which clearly interferes with the conditioning process. To solve this
problem one should produce the deprivation condition in a very brief period, something
which is not possible with food deprivation. It is possible that if the neutral stimulus
could be made to increase gradually in tempo with the gradual increase in deprivation,
the pairing would be more effective. Although the experimental control of olfactory
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stimuli is not easy, it might still be possible to increase its salience gradually during the
48 hour deprivation period, and further research along these lines might be quite useful
in the effort to study learned motivation.
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CHAPTER V
SUMMARY
A number of experiments have been conducted over the last four decades to verify
the findings of Calvin, Bicknell, and Sperling (1953) using a procedure generally
similar to that used in the present study. The currently accepted notion of motivation
suggests that a neutral stimulus may come to have the evocative properties of an
unlearned establishing operation given a history of pairing at some high deprivation or
aversive stimulation value.
The present study failed to confirm this hypothesis using a group design with rate
of responding on a V I30 sec schedule as the dependent measure. The experiment was
flawed by some procedural factors that, in retrospect, could have been corrected, and
also by the development of a respiratory infection in the animal colony which probably
affected some of the experimental subjects.
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Appendix A
Research Protocol Approval
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D ate of Approval

z 7 / &

~

^

D ate of Third Year Review

9-

A pproved IACUC Num ber

f)

7
l~)

!
{

WESTERN MICHIGAN UNIVERSITY
INSTITUTIONAL ANIMAL CARE AND USE
COMMITTEE
Application to Use Vertebrate Animals (or Research o r Teaching

IACUC Review for (check one):
A.
B.

Ix 1
[
j

C.
D.
E.

[
(
[

]
j
j

N ew sponsored grant/contract proposal
Continuation grant/contract proposal
(present IACUC Number
Department funded or unfunded research
Teaching or demonstration exercise
Revision of ongoing animal research protocol
(present IACUC Number _________________

Title of Project:

Principal Investigator
P hone:

Daniel Knip

345-6985 ______________________

Potential grantor/contractor:

DateofRequest:

27, Sept.

1988_____

_______________________________________________________________________

P lease answ er the following applicable requests:
1.

Animal u se information:
a.

State the level of funding requested tor purchase and animal care:

Rodent c h o w for ma intenance feeding, and sweetened condensed
milk for use in the liquid feeders found in the experimental
chambers.
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INVESTIGATOR CERTIFICATION
If any of the above procedures are changed, I will submit a new protocol.
I understand that any failure to comply with the Animal Welfare Act, the provisions of the D PH S Guide for the Care
and Use of Laboratory Animals and requirements set down by the IACUC may result in the suspension of my
animal studies./

Pm c i ^ V o o
Signature:

*

~^ 7

D epartm ent

rlnclpal Investigator

D ate

REVIEW BY THE INSTITUTIONAL ANIMAL CARE AND USE COMMITTEE
.Disapproved

Provisions:

Approved

7Z.

Approved with the provisions
listed below

Q
jz~

/ f ' f c l J U __________________________ f S &

^

- 7N

D ate

Researcher's Acceptance of Provisions:

Signature:

Principal Investigator

IACUC Chairperson Final Approval

D ate

D ate
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